44. Screening for
Phenylketonuria

RECOMMENDATION

Screening for phenylketonuria (PKU) by measurement of phenylalaning
level on a dried-blood spot specimen is recommended for all newborns
prior to discharge from the nursery. Infants who are tested before 24
hours of age should receive a repeat screening test by 2 weeks of age.
There is insufficient evidence to recommend for or against routine pre-
natal screening for maternal PKU, but recommendations against such
screening may be made on other grounds.

Burden of Suffering

PKU is an inborn error of phenylalanine metabolism that occurs in 1 of
every 12,000 births in North America.l2 In the absence of treatment dur-
ing infancy, nearly all persons with this disorder develop severe, irre-
versible mental retardation. Many also experience neurobehavioral
symptoms such as seizures, tremors, gait disorders, athetoid movements,
and psychotic episodes with behaviors resembling autism.3 These clinical
manifestations of PKU have rarely developed in children born after the
mid-1960s, when routine screening was legislated and early treatment for
PKU became common. This has resulted in a cohort of healthy phenylke-
tonuric women who have entered childbearing age. If dietary restriction of
phenylalanine is not maintained during pregnancy, these women are at in-
creased risk of giving birth to a child with mental retardation, micro-
cephaly, congenital heart disease, and low birth weight.# The incidence of
this maternal PKU syndrome is 1 of every 30,000-40,000 pregnancies.® In
the absence of dietary control in women with PKU who become pregnant,
it is estimated that exposure of the fetus to the teratogenic effects of ma-
ternal hyperphenylalaninemia could result in an increase in the incidence
of PKU-related mental retardation to the level seen before PKU screening
was established.®

Accuracy of Screening Tests

Blood phenylalanine determination by the Guthrie test has been the principal
screening test for PKU for three decades.” Although well-designed evaluations
of the sensitivity and specificity of the Guthrie test have never been per-
formed,® sensitivity estimates®10 and international experience with its use in
millions of newborns suggest that false-negative results are rare. Fluorometric
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assays, which can detect differences in blood phenylalanine levels as low as 0.1
mg/dL, are alternative forms of testing that also offer excellent sensitivity.8
Most missed cases of PKU do not appear to be due to false-negative results of
the screening tests, but to submission of an inadequate sample, clerical error
involving the sample, or failure to follow up positive results.® Standards for ad-
equate blood collection on filter paper for neonatal screening programs have
been published.102

False-positive as well as false-negative results can occur in PKU screening.
In certain situations and population conditions, the ratio of false positives to
true positives is as high as 32 to 1.8 Although false positives have been viewed
for many years as less important than false-negative results because they can be
corrected easily by repeating the test, recalling patients for a second PKU test
may generate considerable parental anxiety.11.12

The sensitivity of the Guthrie test is influenced by the age of the new-
born when the sample is obtained. The current trend toward early dis-
charge from the nursery (resulting in PKU screening being performed as
early as 1 to 2 days of age) has raised concerns that test results obtained
during this early period may have low sensitivity. This is because the blood
level of phenylalanine is typically normal in affected neonates at birth and,
with the initiation of protein feedings, increases progressively during the
first days of life. Using the conventional cutoff of 4 mg/dL, diagnostic lev-
els of phenylalanine may not be present in some phenylketonuric new-
borns tested in the first 24 hours of life. Prospective, longitudinal
evaluations of serum phenylalanine levels in infants known to be at risk for
PKU have demonstrated a variable rate of false-negative results when
screening occurred within the first 24 hours of life.1314 The false-negative
rates ranged from 2% to 31% for the first day of life, but decreased to
0.6% to 2% on the second day and to 0.3% by the third day.8.13-16 Current
rates may be lower due to the participation of many laboratories in a vol-
untary proficiency program run by the Centers for Disease Control and
Prevention (CDC). The use of fluorometric assays, which offer more pre-
cise measurements of blood phenylalanine levels than the Guthrie test, re-
sult in lower false-negative rates as well.® Two additional solutions to
improve sensitivity—repeat testing of all newborns after early discharge
and lowering the cutoff value to reduce the false-negative rate—have en-
countered criticism for several reasons. Repeat testing would have low
yield and reduced cost-effectiveness;17:18 it has been estimated that detect-
ing even one case of PKU in this manner would require performing an ad
ditional 600,000 to perhaps 6 million tests.818 Lowering the cutoff value,
on the other hand, improves sensitivity at the expense of specificity,
thereby increasing the ratio of false positives to true positives.® As of 1991,
nine of the 53 screening programs in the U.S. used a cutoff level of greater
than 2 mg/dL to define abnormal.1® The majority of labs continue to use
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a cutoff of 4 mg/dL or greater.

The development of a cloned phenylalanine hydroxylase gene probe
has made possible the prenatal diagnosis of PKU in families with previ-
ously affected children by analyzing DNA isolated from cultured amniotic
cells or samples of chorionic villi.2%22 Through the use of polymerase
chain reaction, 31 alleles of the phenylalanine hydroxylase gene have been
identified.! This may eventually permit the screening of the general pop-
ulation for carriers of these alleles, thereby detecting at-risk families prior
to the birth of an affected child.?1-23

Routine screening of pregnant women for maternal PKU has been rec
ommended as a means of preventing fetal complications.2>24 This disor-
der is rare in the general population, however, and as a result of screening
programs, many women with PKU are aware of their diagnosis. As the co-
hort of women born before implementation of routine newborn screening
move out of their childbearing years, the yield from screening all pregnant
women should be very low. In Massachusetts, routine screening of cord
blood for 10 years detected only 22 mothers with previously undiagnosed
hyperphenylalaninemia.22

Effectiveness of Early Detection

Before treatment with dietary phenylalanine restriction was recommended
in the early 1960s, severe mental retardation was a common outcome in
children with PKU. A review in 1953 reported that 85% of patients had an
intelligence quotient (1Q) less than 40, and 37% had 1Q scores below 10;
less than 1% had scores above 70.3 Since dietary phenylalanine restriction
was introduced, however, over 95% of children with PKU have developed
normal or near-normal intelligence.26-2° A large longitudinal study reports
a mean IQ of 100 in children who have been followed to 12 years of age,3°
and other reports show adolescent and young adult patients are function-
ing well in society.3! Although the efficacy of dietary treatment has never
been proven in a properly designed controlled trial, the contrast between
children receiving dietary treatment and historical controls is compelling
evidence of its effectiveness. Recognition of this prompted most Western
governments to require routine neonatal screening as early as the late
1960s.

It is essential that phenylalanine restrictions be instituted shortly after
birth to prevent the irreversible effects of PKU.26:28.32.33 Traditionally,
strict adherence to the diet was recommended for the first 4-8 years of life,
after which liberalization of protein intake could occur without damage to
the developed central nervous system.26:28:32-34 Recent data, however, sug-
gest that discontinuation of the diet may result in a deterioration of cog-
nitive functioning, leading many to recommend continuation of the diet
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through adolescence and into adulthood.3>-37 Even if these precautions
are taken, dietary treatment may not offer full protection from subtle ef-
fects of PKU. Intelligence scores in treated persons with PKU, although
often in the normal range for the general population, are lower, on aver-
age, than those of siblings and parents,26 and mild psychological deficits,
such as perceptual motor dysfunction and attentional and academic diffi-
culties, have been reported.38-40

Early detection of hyperphenylalaninemia in pregnant women may
also be beneficial. The incidence of maternal PKU syndrome is increasing
with the growing number of healthy phenylketonuric females now of child-
bearing age. Maternal hyperphenylalaninemia can produce teratogenic ef-
fects, even on normal fetuses who have not inherited PKU. If the mother
with classic PKU does not follow a restricted phenylalanine diet during
pregnancy, there is an overwhelming risk of birth of an abnormal child.
This risk appears to increase as the average maternal levels of phenylala-
nine maintained during pregnancy increase.*142 Over 90% of these chil-
dren will have mental retardation, 75% microcephaly, 40-50%
intrauterine growth retardation, and 10-25% other birth defects.*® Un-
certainties exist, however, as to the extent these outcomes can be pre-
vented by instituting treatment with dietary phenylalanine restriction
during pregnancy.**3 Although some pregnant women under treatment
have given birth to normal children, a number of investigators have found
that dietary intervention during pregnancy fails to prevent fetal dam-
age.*043-47 preliminary evidence from the North American Collaborative
Study of Maternal Phenylketonuria, on the other hand, suggests improved
outcome if metabolic control is achieved by the 10th week of pregnancy.*®
Many believe dietary restrictions must be instituted prior to conception for
them to be effective.244549 There are concerns, however, that the low-
phenylalanine diet may produce deficiencies in calories, protein, and
other nutrients that are needed for proper fetal growth.>43

Recommendations of Other Groups

Every state has mandated that screening for PKU be provided to all new-
borns, but participation is not required by statute in Delaware, Maryland,
North Carolina, or Vermont.!® Testing for blood phenylalanine level after
24 hours of life and before 7 days is recommended by the American Acad-
emy of Pediatrics (AAP),0 the American Academy of Family Physicians,>!
the American College of Obstetricians and Gynecologists (ACOG),%?
Bright Futures,® and the Canadian Task Force on the Periodic Health Ex-
amination.>* All of these organizations recommend that infants who are
not screened in the nursery should be screened by a physician by 3 weeks
of age. As earlier hospital discharges (i.e., <24 hours) become the norm,
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eight states have mandated a second screening of all newborns between 1
and 6 weeks of age, and most other states recommend repeat specimens if
first collected before 24-48 hours of age.® The AAP endorses a second test
for those infants who were screened before 24 hours of age.>°

No major organization recommends routine prenatal screening for ma-
ternal PKU. ACOG recommends taking a history for known inborn errors
of metabolism at the initial evaluation of the pregnant woman.%® The AAP
recommends that female patients known to have hyperphenylalaninemia
be referred to appropriate treatment centers prior to conceiving.56

Discussion

There is good evidence that early detection of PKU by neonatal screening
substantially improves neurodevelopmental outcomes for affected per-
sons. The evidence is less clear for a benefit from screening pregnant
women for PKU. Available evidence has not proven that dietary restric-
tions during pregnancy occur early enough to prevent fetal damage, and
such restrictions may have other adverse effects. In addition, the incidence
of previously undiagnosed maternal hyperphenylalaninemia is low, since
many women who are currently of childbearing age were born after the in-
troduction of widespread PKU screening in the mid-1960s and are likely to
have been detected as newborns. The cost-effectiveness of screening dur-
ing pregnancy has not been established.

CLINICAL INTERVENTION

Screening for phenylketonuria by measurement of phenylalanine level on
a dried-blood spot specimen, collected by heelstick and adsorbed onto fil -
ter paper, 198 is recommended for all newborns before discharge from the
nursery (“A” recommendation). Infants who are tested in the first 24
hours of age should receive a repeat screening test by 2 weeks of age. Pre -
mature infants and those with illnesses optimally should be tested at or
near 7 days of age, but in all cases before newborn nursery discharge. All
parents should be adequately informed regarding the indications for test
ing and the interpretation of PKU test results, including the probabilities
of false-positive and false-negative findings.

There is insufficient evidence to recommend for or against routine pre-
natal screening for maternal PKU (“C” recommendation), but recommen
dations against such screening may be made on other grounds, including
the rarity of previously undiagnosed maternal hyperphenylalaninemia, cost,
and the potential adverse effects of dietary restriction.

The draft update of this chapter was prepared for the U.S. Preventive Services Task
Force by Robert Baldwin, MD, and Modena Wilson, MD, MPH.
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